Mounting evidence indicates that hypofunction of NMDA glutamate receptors causes or contributes to the full symptomatology of schizophrenia. N-acetyl-aspartyl-glutamate (NAAG), an endogenous neuropeptide, blocks NMDA receptors and inhibits glutamate release by activating metabotropic mGluR3 receptors. NAAG is catabolized to glutamate and N-acetyl-aspartate by the astrocytic enzyme glutamate carboxypeptidase II (GCP II). Changes in GCP II activity may be critically linked to changes in glutamatergic neurotransmission especially at NMDA receptors. We examined whether GCP II function is altered by treatment with the noncompetitive antagonist and psychotomimetic drug phencyclidine (PCP) and with the neuroleptics haloperidol (HAL) and clozapine (CLOZ), in corticolimbic brain regions of the adult rat. Chronic exposure to PCP produced significant increases in GCP II protein expression and activity in the prefrontal cortex (PFC) and hippocampus (HIPP). This effect may be explained by a compensatory response to persistent blockade of NMDA receptors. In addition, chronic treatment with neuroleptics upregulated GCP II activity, but not protein expression, in the PFC. In contrast, GCP II activity was decreased after acute exposure to HAL or CLOZ and was not changed after acute PCP treatment. These findings provide support for a role of GCP II function in the control of glutamatergic neurotransmission and suggest that some of the therapeutic actions of neuroleptic drugs may be mediated through their effects on GCP II activity. These results demonstrate that psychotomimetic and neuroleptic drugs modulate GCP II function in brain regions that are widely involved in the neuropathology of schizophrenia.
INTRODUCTION
Over several years, our group has been studying the function of the endogenous modulator of NMDA receptor function N-acetyl-aspartyl-glutamate (NAAG). NAAG is an abundant peptide selectively localized to subpopulations of neurons, including cortical and hippocampal pyramidal cells (Moffett et al, 1989; Tsai et al, 1993a, b; Passani et al, 1997) , and it is stored in vesicles and released upon depolarization by a Ca 2+ -dependent process (Williamson and Neale, 1988; Tsai et al, 1988 Tsai et al, , 1990 Zollinger et al, 1994) . NAAG is both a potent selective agonist of mGluR3 metabotropic receptors which inhibit glutamate release (Wroblewska et al, 1997) , and a noncompetitive antagonist of NMDA receptors, especially those located on corticolimbic GABAergic interneurons (Sekiguchi et al, 1989; Grunze et al, 1996; Greene et al, 1999 Greene et al, , 2000a . Thus, the overall effect of high levels of NAAG would be to attenuate NMDA receptor function.
The extracellular concentration of NAAG is regulated by the astrocytic neuropeptidase glutamate carboxypeptidase II (GCP II, also known as N-acetylated-a-linked-acidic dipeptidase; NAALAdase; EC 3.4.17.21) that hydrolyzes NAAG into glutamate and N-acetyl-aspartate (NAA), both in vitro (Slusher et al, 1990; Robinson et al, 1987; Berger et al, 1999) and in vivo (Stauch et al, 1989) . The fact that GCP II catabolyzes NAAG to produce glutamate suggests that decreases in GCP II function result in decreased NMDA receptor activation. Hence, GCP II dysfunction in specific corticolimbic regions might be one of the factors underlying or contributing to the hypoactivity of NMDA receptors observed in schizophrenia (Carlsson and Carlsson, 1990; Olney and Farber, 1995; Coyle, 1996; Tamminga, 1998) .
Indeed changes in GCP II function have been shown to be critically associated with changes in NMDA receptor activation. Slusher et al (1999) showed that selective inhibition of GCP II markedly attenuated the elevation in extracellular glutamate and subsequent neurotoxicity that occurs during transient cerebral artery occlusion. Importantly, the decrease in glutamate observed in this study was accompanied by an equimolar reciprocal rise in extracellular NAAG. In addition, GCP II activity has been shown to be elevated in the brains of genetically epileptic prone rats (Meyerhoff et al, 1992) , and in motor cortex and parts of the spinal cord of amyotrophic lateral sclerosis patients (Tsai et al, 1991) . In kindled seizures, GCP II is decreased in several limbic regions suggesting a compensatory mechanism to attenuate glutamatergic neurotransmission (Meyerhoff et al, 1989) .
A possible role for GCP II dysfunction in schizophrenia was assessed in a post-mortem study with brains from schizophrenic, nonschizophrenic neuroleptic-treated control, and control subjects (Tsai et al, 1995) . This study revealed a significant reduction in the activity of GCP II in the frontal cortex, hippocampus (HIPP), and temporal cortex of schizophrenic subjects. Low levels of GCP II activity would result in higher extracellular levels of NAAG leading to NMDA receptor hypofunction by decreasing glutamate release and antagonizing NMDA receptors. Thus, downregulation of GCP II function in these regions in schizophrenia may be one of the mechanisms underlying or contributing to NMDA receptor hypoactivity. Reinforcing this argument, reduced levels of NAA, a catabolic product of GCP II and NAAG, in frontal cortex, temporal cortex, and HIPP of schizophrenic patients have been recently described (Bertolino et al, 1996 (Bertolino et al, , 2000 Deicken et al, 1999) .
To further explore the role of GCP II in glutamatergic neurotransmission and its possible link to schizophrenia, we examined whether GCP II function is altered by repeated treatment with the noncompetitive NMDA receptor antagonist and psychotomimetic drug phencyclidine (PCP), and with the neuroleptic drugs haloperidol (HAL) and clozapine (CLOZ), in corticolimbic brain regions of the adult rat.
MATERIALS AND METHODS

Subjects
Male Sprague-Dawley rats weighing 250-350 g at the beginning of the experiment, served as subjects. Rats were kept in a temperature-and light-controlled room (12 h light/dark cycle) with ad libitum access to food and water. All animal procedures were carried out in strict accordance with the NIH Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institute of Mental Health.
Drugs
Phencyclidine hydrochloride (PCP) and HAL were obtained from Sigma Aldrich Inc. CLOZ was purchased from Sandoz (East Hanover, NJ). HAL and CLOZ were dissolved in a minimal volume of acetic acid, diluted in 0.9% saline and pH balanced with NaOH to a final pH of 5.5. The vehicle solution for both HAL and CLOZ treatments was 0.9% saline with the pH lowered to 5.5 with acetic acid. PCP was dissolved in 0.9% saline.
Tissue Preparation
Rats were killed by decapitation and their brains were quickly removed. HIPP, prefrontal cortex (PFC), striatum (STR), and parietal cortex (PAR) were immediately dissected on ice using a method previously published (Meyerhoff et al, 1985 (Meyerhoff et al, , 1989 . The regional samples were rapidly frozen on dry ice and stored at À801C until assayed. Prior to radioenzymatic assay or Western blot analysis, tissue samples were homogenized and sonicated.
Radioenzymatic Assay of Enzyme Activity
Brains were homogenized in 20 volumes of ice-cold 50 mM Tris-HCl (pH 7.4). The homogenates were centrifuged at 4000g at 41C for 30 min and the resulting supernatant was removed, the membrane pellets were resuspended in 50 mM Tris-HCl buffer and washed by centrifugation (4000g at 41C for 30 min). Membranes were resuspended again in 20 volumes of 50 mM Tris-HCl (pH 7.4) and protein concentration was determined by the Lowry protein assay with bovine serum albumin as a standard (Lowry et al, 1951) . GCP II activity was quantified by assessing the rate of
H]NAAG; NEN Life Science Products, Boston, MA), as previously described (Robinson et al, 1987) . Briefly, duplicate assays were performed in a total volume of 250 ml of 50 mM Tris-HCl (pH 7.4) containing 0.5% Triton X-100, 1.5 nM [
3 H]NAAG, 1 mM CoCl 2 , and 10 mg of membrane protein. Assay aliquots were incubated at 371C for 15 min in a shaking water bath. Enzymatic reaction was terminated by adding 1.0 ml of ice-cold phosphate buffer (0.1 M, pH 7.4) to each sample. To verify that the degradation of [ 3 H]NAAG was GCP II-specific, quisqualate (50 mM) was added to parallel aliquots (Robinson et al, 1987) . For chromatographic separation of the product, assay samples were applied to disposable anion exchange columns containing 1-ml bed volume of AG 1-X8 resin (Bio-Rad, Hercules, CA). [ 3 H]Glutamate was eluted from the resin with 1.0 M formate and the remaining substrate was eluted with 10 M formate. Elute radioactivity was determined by scintillation spectrometry. Background counts from coelution of intact substrate with 1.0 M formate were subtracted by including a sample without enzyme.
Data were statistically analyzed by using Student's t-tests for independent samples or one-way ANOVAs. Post hoc analyses of significant effects were made using Fisher's PLSD test. All analyses were conducted on the raw data. The data in the figures are presented as percent of saline controls.
Western Blot Analysis
Specific and high titer polyclonal antibodies against GCP II purified to homogeneity were raised in guinea pigs. The selectivity and specificity of anti-GCP II antibodies has been described previously (Slusher et al, 1990 . Tissue homogenates (20 mg protein per lane) were run on SDS-8% PAGE and transferred to a polyvinylidene difluoride (PVDF) membrane (NEN Life Science Products, Boston, MA). Membranes were incubated in 5% milk powder and 0.1% Tween-20 in phosphate-buffered saline (PBS) for 1 h at room temperature followed by incubation overnight with GCP II antisera dissolved (1 : 3000) in 5% milk powder, 4% bovine serum albumin, and 0.1% Tween-20 in PBS at 41C. Immunoreactivity was detected using the peroxidase-conjugated rabbit anti-guinea pig IgG (1 : 1000; Sigma) and the Chemiluminescence Reagent Plus protein detection Kit (NEN). Comparable levels of loaded protein were confirmed by reprobing membranes with a monoclonal anti-b-tubulin antibody (25 ml/5 ml; Sigma).
Levels of immunoreactivity were quantified on scanned images of immunoblots using computer-assisted densitometry (Kodak 1D Image Analysis Software). Data were analyzed with two-way ANOVAs. All analyses were done using relative optical density counts. The data in the figures are presented as percent of saline controls.
Design and Procedures
Experiment 1: PCP treatment. This experiment was conducted to assess the effects of repeated PCP exposure on GCP II expression and activity in corticolimbic regions. Different groups of rats were given i.p. injections of PCP (5 mg/kg) or saline, once a day for 7 days. At 6 h after the last injection, rats were quickly decapitated and their brains were processed for radioenzymatic assay and quantitative Western blots. GCP II activity and expression were also examined 6 h following an acute i.p. PCP (5 mg/kg) or saline injection in separate group of animals.
Experiment 2: neuroleptic treatment. The purpose of this experiment was to determine whether chronic treatment with typical and atypical neuroleptics alters GCP II function in corticolimbic regions. To this end, rats were given injections of HAL (1 mg/kg), CLOZ (15 mg/kg), or saline, once a day, for a total of 10 days. At 6 h after the last injection, rats were killed by decapitation and their brains were processed for radioenzymatic assay and Western immunoblotting. GCP II activity and expression were also examined 6 h following an acute i.p. injection of HAL (1 mg/ kg), CLOZ (15 mg/kg), or saline.
RESULTS
GCP II Expression in Corticolimbic Regions
To estimate the relative amount of GCP II protein, Western blot analysis of PFC, HIPP, STR, and PAR homogenates was performed. As shown in the autoradiograms in Figure 1 , labeling of GCP II for all regions and conditions revealed two tightly spaced bands of approximately 85 and 100 kDa ('lower' and 'higher' band, respectively), as previously described by Berger et al (1995) . GCP II is a class II membrane glycoprotein with a large extracellular domain that possesses several glycosylation consensus sites (Carter et al, 1996) . Deglycosylation results in a single band (Speno et al, 1999) , indicating that the two bands result from alternative glycosylation.
GCP II Function Following PCP Treatment
GCP II protein expression in the PFC and HIPP, measured 6 h after the last injection, was increased following repeated 
Regulation of GCP II function by PCP and neuroleptics C Flores and JT Coyle exposure to PCP (5 mg/kg, i.p., seven injections, once a day). As shown in Figure 1 , GCP II immunoreactive signal in the PFC of animals that received repeated PCP injections was significantly (p ¼ 0.0002) elevated in both higher (+44 7 17%) and lower (+50 7 13%) bands. Similarly, immunolabeling in both higher (+64 7 11%) and lower (+89 7 21%) bands was significantly (p ¼ 0.002) higher in the HIPP of PCP-treated rats. These effects of PCP on GCP II expression in the PFC and HIPP appear to be quite selective because GCP II expression in the STR and PAR was not affected by the PCP treatment (data not shown). Comparable levels of loaded total protein were confirmed by reprobing blots with an anti-b-tubulin antibody.
GCP II activity was assessed using radioenzymatic assays of the membrane fractions of brain regions isolated from repeatedly PCP-or saline-injected animals. As shown in Figure 2 , the effects of PCP treatment on GCP II expression matched changes in GCP II activity. In both PFC and HIPP, GCP II activity was approximately 40% significantly higher (po0.05) in the brains from animals that received repeated injections of PCP than in those from animals treated with saline. No changes in GCP II activity as a function of drug treatment were seen in the STR and PAR. In all samples assessed, [ 3 H]NAAG hydrolysis was completely inhibited by the GCP II inhibitor quisqualic acid (Robinson et al, 1986) , indicating that the degradation of [ 3 H]NAAG was GCP IIspecific. To determine whether the induction of GCP II resulted from repeated exposure to PCP, we investigated the effect of a single injection of PCP (5 mg/kg given i.p.) on GCP II activity 6 h later. As shown in Figure 2 , acute treatment with PCP did not alter GCP II activity. Thus, repeated, but not acute, PCP treatment upregulates GCP II function in the PFC and HIPP of adult rats.
GCP II Function Following Treatment with Neuroleptics
Neither chronic treatment with HAL (1 mg/kg, i.p., once a day for 10 days) nor with CLOZ (15 mg/kg, i.p., once a day for 10 days) resulted in changes in GCP II expression in any of the regions examined (data not shown). In contrast, chronic treatment with either HAL or CLOZ resulted in a significant (p ¼ 0.01) 50% increase in the activity of the enzyme in PFC. Interestingly, neuroleptic treatment did not alter GCP II activity in HIPP, STR, or PAR ( Figure 3 ). As shown in Figure 3 , GCP II hydrolyzing activity was decreased in PFC and HIPP of animals that had received an acute injection of HAL (1 mg/kg, i.p.) or CLOZ (15 mg/ kg, i.p.) 6 h earlier. This effect, however, was not observed in the STR or PAR. Together, these findings suggest that the mechanisms whereby chronic treatment with these neuroleptics increases GCP II activity in the PFC is distinct from those controlling GCP II expression. ANOVA performed on the actual counts showed a significant effect of chronic drug treatment in the PFC (F (2,12) ¼ 5.63, p ¼ 0.01), a significant effect of acute drug treatment in the HIPP (F (2,12) ¼ 4.71, p ¼ 0.03), and a trend toward significance in the PFC after acute drug treatment (F (2,12) ¼ 2.99, p ¼ 0.08). Asterisks indicate significant differences from saline group, pso0.01, n per group ¼ 5.
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DISCUSSION
GCP II is a membrane-bound enzyme expressed by astrocytic cells (Berger et al, 1999) throughout the brain, which hydrolyzes the neuropeptide NAAG into glutamate and NAA (Coyle, 1997) . Changes in GCP II function may be tightly linked to changes in glutamatergic neurotransmission and, especially, to changes in NMDA receptor activation. Lower levels in GCP II activity have been observed in specific brain regions in conditions of sustained increases in excitatory neurotransmission (Tsai et al, 1991; Meyerhoff et al, 1989 Meyerhoff et al, , 1992 , but regulation of GCP II activity by acute or repeated exposure to pharmacological agents has not been described. Here we show that repeated exposure to the psychotomimetic NMDA receptor antagonist PCP and to the neuroleptics HAL and CLOZ induces increases in GCP II expression and/or activity in specific corticolimbic regions of the rat brain. The specific alterations produced are dependent on the type of drug administered and on the treatment regimen used.
Regulation of GCP II Function by PCP
Repeated PCP injections (5 mg/kg once a day for 7 days) produced a substantial increase in GCP II expression and activity in the HIPP and PFC, but not in the STR or PAR.
Whether the changes in GCP II are the outcome of PCPinduced alterations in gene transcription or of changes in the rate of protein degradation needs to be elucidated. Enhancement in GCP II expression may be a homeostatic compensatory response to prolonged blockade of NMDA receptors. Upregulation of GCP II would result in an augmented rate of hydrolysis of extracellular NAAG and, in turn in increases in extracellular glutamate concentrations. Increased release of glutamate after repeated PCP exposure has been suggested by the results of studies conducted in PFC slices from rats (Arvanov and Wang, 1999) . Furthermore, a persistent increase in extracellular glutamate in the PFC following an acute injection of 5 mg/kg of PCP has been found using in vivo microdialysis in the rat . This increase was evident soon after the drug injection, rose gradually, and remained at maximal levels for at least 140 min. These findings together with those showing that GCP II inhibitors reduce extracellular glutamate levels following ischemic brain injury (Slusher et al, 1999) raise the possibility that increased GCP II expression by chronic PCP may be causing or at least contributing to elevated extracellular glutamate concentrations. In humans, including schizophrenic patients, it has been shown that the administration of NMDA antagonists increases cortical metabolic activation (Breier et al, 1997; Lahti et al, 1995) , which in turn is closely associated with parallel changes in glutamatergic neurotransmission (Sibson et al, 1998) . In rodents, pretreatment with antagonists of non-NMDA receptors or with drugs that reduce glutamate release has been shown to attenuate the locomotor and cognitive effects of NMDA antagonists (Mathe et al, 1998; Moghaddam et al, 1997; Moghaddam and Adams, 1998) . Thus, increased glutamatergic neurotransmission via non-NMDA receptors in specific corticolimbic regions has been thought to mediate, at least in part, some of the psychotomimetic effects of NMDA antagonists. Although it is not yet clear as to how increased glutamatergic neurotransmission at non-NMDA receptors induced by NMDA receptor blockade brings about schizophrenia-like symptoms (see Olney and Farber, 1995; Coyle, 1996; Grunze et al, 1996; Krystal et al, 1999; Olney et al, 1999; Greene et al, 2000b) , the present findings suggest that increases in GCP II function following repeated PCP treatment may be relevant to the psychotomimetic effects produced by this drug.
Several studies have shown that blockade of NMDA receptors causes a delayed degeneration of neurons in adult corticolimbic neurons in PFC and HIPP, but not STR or PAR (Olney and Farber, 1995) . Importantly, this delayed degeneration can be prevented by the coadministration of antagonists of non-NMDA receptors, implying, again, that blockade of NMDA receptors produces an excessive increase in extracellular glutamate in corticolimbic regions leading to hyperstimulation of non-NMDA receptors (for reviews see Olney and Farber, 1995; Olney et al, 1999) . Moreover, PCP and ketamine have been found to induce the expression of heat shock protein 70 in the PFC, an effect that is also attenuated by blockade of non-NMDA receptors (Sharp et al, 1992 (Sharp et al, , 1995 . Several mechanisms may account for these neurotoxic actions of NMDA antagonists, including inhibition of GABA interneurons and consequent disinhibition of glutamatergic excitatory pathways (Olney and Farber, 1995; Coyle, 1996; Olney et al, 1999) . Thus, increased GCP II expression in response to chronic NMDA receptor blockade may be one of the factors involved in PCP-induced neurodegeneration.
How exactly PCP induces changes in GCP II expression and activity remains to be determined. The simplest explanation would be that PCP blocks NMDA receptors located directly on astrocytes (Schipke et al, 2001) and that the chronic blockade of these receptors brings about compensatory increases in GCP II gene transcription and/ or in protein expression. Alternatively, the effects of chronic PCP treatment on astrocytic GCP II may be an indirect consequence of neuroadapations induced by persistent blockade of neuronal NMDA receptors. The selectivity of the PCP effects on PFC and HIPP GCP II is quite intriguing, especially within the context of schizophrenia in which abnormalities in these two brain regions have been widely observed (eg Weinberger et al, 1992; Heckers et al, 1998; Tamminga, 1998; Tsai et al, 1995; Sigmundsson et al, 2001) . It has been shown that the functional properties of astrocytes depend largely on the neuronal environment that surrounds them Hosli, 1993, 2000) . Thus, our results suggest that PFC and HIPP astrocytes have common characteristics that make them particularly sensitive to the effects of NMDA antagonists. In this regard, GABAergic interneurons in the anterior cingulate cortex and in specific sectors of the hippocampal formation seem to share distinctive properties and are particularly vulnerable in schizophrenia (for a review see Benes, 2000) .
Regulation of GCP II Function by Neuroleptics
A major finding of the present study is the selective increase in GCP II activity in the PFC observed after a 10-day treatment with the neuroleptics HAL (1 mg/kg) and CLOZ (15 mg/kg). This observation is particularly important in view of the growing evidence pointing to hypofunction of NMDA receptors as one of the main mechanisms underlying the psychopathology of schizophrenia (Carlsson and Carlsson, 1990; Olney and Farber, 1995; Coyle, 1996; Tamminga, 1998) and of our previous report that GCP II activity is reduced in brains of schizophrenic subjects (Tsai et al, 1995) . Bertolino et al (2001) have shown that antipsychotic drugs increase NAA levels selectively in the dorsolateral prefrontal cortices of patients with schizophrenia and we have found previously that glutamate concentrations in the PFC in brains from neuroleptic-treated nonschizophrenic subjects are significantly higher than in brains from normal controls (Tsai et al, 1995) . Hence, our present findings raise the intriguing possibility that some of the common therapeutic effects of typical and atypical neuroleptics are exerted, in part, by increasing GCP II activity and, in turn, enhancing NMDA receptor activation.
It is generally recognized that the maximal antipsychotic actions of neuroleptic drugs require chronic administration (Meltzer, 1991; Lieberman, 1993) . In our study the increases in GCP II activity induced by neuroleptics were seen only after chronic treatment, not after acute, providing further support for a role of GCP II in the therapeutic effects of these drugs. In addition, the selectivity of the effects of neuroleptics to PFC GCP II activity is consistent with the major involvement of this region in the neuropathology of schizophrenia (Knable and Weinberger, 1997; Bertolino et al, 2000; Bunney and Bunney, 2000) .
In contrast to the effects seen after repeated PCP treatment, the Western blot analyses revealed no changes in GCP II immunoreactivity following HAL and CLOZ treatments. This suggests that these drugs produced alterations in GCP II activity in the PFC without modifying the levels of protein expression. It is likely, therefore, that the effects of neuroleptics on GCP II activity arise from post-translational modifications in protein conformation that would result in a higher affinity of GCP II for its substrate NAAG. A rapid effect on enzymatic conformation is also implied by the finding that GCP II activity in the PFC was altered 6 h after an acute injection with these drugs, albeit in a direction opposite to that seen after repeated injections. Speno et al (1999) have shown that human GCP II has specific activity regulatory sites that, when mutated, produce changes in GCP II K m (Speno et al, 1999) . Preliminary experiments from our laboratory show, using Michaelis-Menten kinetic analysis, that repeated treatments with HAL and CLOZ are associated with decreases in GCP II K m in the PFC of adult rats. Although, more information concerning GCP II activity regulatory sites and possible post-translational modifications is needed, our findings suggest that exposure to HAL and CLOZ produce protein modifications that change the kinetic properties of GCP II.
There are many mechanisms through which neuroleptics could alter GCP II activity in the PFC. Increasing evidence indicates that astrocytes express receptors for nearly every neurotransmitter class (Coyle and Schwarcz, 2000) , including functional D 2 and D 1 dopamine receptors (Bal et al, 1994; Zanassi et al, 1999; Reuss et al, 2000) and 5-HT2A receptors (Hagberg et al, 1998; Hirst et al, 1998) . Thus, it is possible that neuroleptics act directly on receptors on astrocytes. Alternatively, changes in astrocytic GCP II activity might result indirectly from neuroleptic-induced alterations in the functioning of surrounding neurons.
Summary/Conclusions
NMDA receptor hypoactivation appears to be a causal or contributing factor to the symptomatology of schizophrenia. A potential mechanism underlying NMDA hypofunction is decreased GCP II activity in corticolimbic regions. GCP II is an astrocytic enzyme whose function is to inactivate the neuropeptide NAAG, an endogenous antagonist of NMDA receptors and selective agonist of metabotropic mGluR3 receptors. In this study, we found that repeated exposure to the psychotomimetic PCP and to the neuroleptics HAL and CLOZ affect GCP II function in the PFC and HIPP of the adult rat brain. These findings provide support for a role of GCP II function in the control of glutamatergic neurotransmission and suggest that some of the therapeutic actions of neuroleptic drugs may be mediated through their effects on GCP II activity. These results are the first to demonstrate that psychotropic agents modulate GCP II function in specific corticolimbic regions and raise the possibility that GCP II dysfunction may play a role in the neuropathology of schizophrenia.
Although, repeated treatment with both PCP and neuroleptics had similar effects on GCP II activity, there were differences in the pattern of results between the two drug types that might influence the consequences that their effects have on brain function and behavior. First, whereas repeated treatment with neuroleptics upregulated GCP II activity in the PFC, repeated treatment with PCP enhanced GCP II activity in both PFC and HIPP. Second, whereas neuroleptics appeared to enhance CGP II activity by altering the kinetic properties of this enzyme without altering protein expression, PCP increased both GCP II activity and protein expression, suggesting an overall enhancement in protein availability. Finally, acute exposure to either HAL or CLOZ reduced GCP II activity in the PFC, whereas acute exposure to PCP had no effect on GCP II function.
